Two Trichophyton mentagrophytes isolates from skin lesions on a girl and her rabbit, which were identified as Arthroderma benhamiae by mating tests, were studied by mtDNA (mitochondrial DNA) analysis and sequencing of ITS (internal transcribed spacer) regions of nuclear ribosomal RNA genes.
Introduction
Arthroderma benhamiae, one of the teleomorphs of Trichophyton mentagrophytes, is known to have two mating groups, an African race and an Americana-European race 1). Using the restriction enzymes HaeIII, Mspl and BglII2), restriction fragment length polymorphism of mitochondrial DNA (mtDNA-RFLP) of the two races yielded two identical sets of patterns which were different from the sets of patterns of the dermatophytes, A. simii, A. vanbreuseghemii, T. rubrum, T. violaceum and T, verrucosum 3}. On the basis of the mtDNA-RFLP, A. benhamiae is related more closely to T. rubrum, T . violaceum and T, verrucosum than to A. simii or A, vanbreuseghemii.
On the basis of nucleotide sequences of the internal transcribed spacer 1 region (ITS 1) in the nuclear ribosomal RNA gene, the two races are distinguishable from each other although they are closely related to T. verrucosum 4) .
The isolation of A. benhamiae in Japan was first reported in 1999 by Kano et al. 5} . The second report, of two isolates from a girl and her pet rabbit, was made in 2000 by Kawasaki et al. 6 ) . The two isolates were identified as A. benhamiae African race mating type ( -) based on the mating tests using tester strains of A, benhamiae African race, A. benhamiae Americano-European race, A. simii and A. vanbreuseghemii 6) .
To verify the consistency of the molecular biological identifications and the conventional biological identifications, mtDNA-RFLP analysis and sequencing of the ITS region were performed.
Strains used in this study
Strains used in this study are listed in Table  1 . The mtDNA was prepared from the two T. mentagrophytes isolated from skin lesions on the girl (KMU 4136) and her pet rabbit (KMU 4137), as previously described 7). In brief, cells were cultured in 200 ml of Sabouraud's liquid medium and then broken up enzymatically and mechanically. The mitochondria were collected by centrifugation of a homogenized cell suspension at 1,600 X g for 10 minutes, followed by centrifugation of the supernatant at 20,000 X g for 10 minutes, and then lysed by sodium dodecyl sulfate. The mtDNA was purified by phenol extraction and ethanol precipitation and stored in TE buffer.
The mtDNA was digested with the restriction enzymes HaeIII, Mspl and BgIII under the conditions recommended by the enzyme supplier. The resultant fragments were separated by agarose gel electrophoresis. The band patterns (mtDNA-RFLP patterns) which appeared on the stained gel were compared.
Determination of the nucleotide sequence
Total DNA was prepared from the isolates of KMU 4136 and KMU 4137 by the method of Makimura et al. 8) . Using a primer set of ITS 1 and ITS 4 ~7, the nuclear ribosomal RNA gene region including internal transcribed spacer 1 (ITS 1) , 5.8 S ribosomal RNA gene and ITS 2 was amplified by the polymerise chain reaction. Amplified fragments were purified by electrophoresis and used as a template of the sequencing reaction carried out using ABI Prism R BigDyeTM Terminator Cycle Sequencing Ready Reaction Kits (PE Biosystems, Foster City, CA 94404, USA) . Automated sequence readings were performed with a model ABI PRISMTM 310 Genetic Analyzer (PE Biosystems) . The sequence reactions were repeated three times using the primers ITS 1, ITS 3 and ITS 4. After editing and alignment of multiple sequences, phylogenetic trees were constructed on the CLUSTAL W program in the DDBJ Homology Search system (http://www.ddbj.nig.ac.jp), and UPGMA and NJ in GENETYX MAC® ver. 10.1 (Software Development Co., Ltd., Tokyo 150-0002, Japan). An atypical T. mentagrophytes isolate (UAMH 7339) , which was reported by Summerbell et al. to cluster very closely to Americano-European A. benhamiae ilk, can also occupy an intermediate position between A, benhamiae and T. verrucosum because of its nutritional requirement for inositol. The mtDNA-RFLP patterns and mating behavior of that isolate would be of interest.
Further studies of T, mentagrophytes isolates, both by mating tests and molecular biological comparisons, are essential for phylogenetic studies of dermatophytes.
